Abstract
INTRODUCTION
Colorectal cancer is the fourth most common cancer in the United Kingdom with over 40000 cases diagnosed each year [1] . At presentation, synchronous hepatic metastases are present in 20%-25% of patients with metachronous hepatic metastases developing in 40%-50% [2, 3] . Up to 80% of patients who develop metachronous disease do so within the first 3 years [4, 5] . About 10% of patients who have resection of the primary tumour with curative intent will develop metachronous lung metastases [6] with local recurrence having been reported to occur in 4%-10% of patients [7, 8] . Recent decades have seen a significant improvement in early post-operative survival in patients undergoing lung or liver resection surgery for colorectal metastasis [9, 10] . Intensive post-operative surveillance has shown to improve 5-year survival with recognition of early, asymptomatic recurrent disease [11] . Five-year survival has further improved with the advent of effective chemotherapy, especially for patients with resectable liver disease, seeing a rise from 35% to 50% [10, 12] . Three meta-analyses [13] [14] [15] have shown improved, albeit modest, survival with aggressive surveillance, which has been proven to be within the National Health Service's threshold of cost acceptability [16] . Despite the widespread use of screening programs for detection of colorectal cancer, a large number of cases in England are diagnosed in the acute or urgent setting either as an emergency presentation (26%) or following an urgent 2-wk referral (27%) [17] . Compared to elective resection, emergency surgery is associated with adverse postoperative outcomes (post-operative mortality 4.6% vs 16%), disease-free and overall longterm survival [18] [19] [20] . This may represent a multifactorial basis due to altered physiology, immunosuppression, advanced disease and aggressive tumour biology [21, 22] . Surveillance after resection of the colorectal primary in the form of colonoscopy and computed tomography (CT) imaging with or without adjuncts such as positron emission tomography (PET/PET-CT) is generally considered the standard of care [4] . There is wide variation in follow-up protocols in randomised trials with no clear consensus about follow-up intensity [23] . The Association of Coloproctologists of Great Britain and Ireland (ACPGBI) recommends a CT scan within the first 2 years after resection of the primary tumour to detect metastases as part of the follow up of these patients [24] . Conversely, the American Society of Clinical Oncology (ASCO) has suggested an annual abdominal/chest CT scan for three years with more frequent scans for higher risk patients (defined as stage III or stage II with multiple high-risk features) [4] . The American National Comprehensive Cancer Network (NCCN) recommends an abdominal/pelvic and chest CT scan annually for up to five years [25] . Furthermore, it is clear that not all patients with colorectal cancer will benefit from intensive surveillance, incurring unnecessary costs. Identifying patients at high risk of developing early recurrence (within the first three years) will help to determine who would benefit from aggressive surveillance.
The aim of this study was to investigate the prognostic effects of histological factors on patterns of recurrent disease and survival in patients undergoing emergency resection surgery for colorectal cancer.
MATERIALS AND METHODS
A retrospective audit of patients undergoing surgery for colorectal cancer was carried out after institutional approval. Patients undergoing consecutive curative resection for histologically proven, primary colorectal adenocarcinoma in the absence of synchronous metastatic disease on presentation were included the study covering an eight-year period from January 2001 to December 2008. The study population was identified using procedure codes from the hospital database.
Demographic data on age, sex and mode of presentation was recorded. In the emergency surgery setting the presence of bowel obstruction or perforation was recorded. Histological data was retrieved for site of tumour, TNM staging was based on postoperative histological findings along with degree of tumour differentiation, lymphovascular invasion (LVI), perineural invasion (PNI), resection margin status (R). Lymph node ratio (LNR) was calculated as the ratio of disease positive nodes to the total number of lymph nodes retrieved. Clinic letters and correspondences within the computerised hospital database were accessed to gain information on presentation, mode of surgery and neoadjuvant and adjuvant therapies. Treatment decisions regarding neo-adjuvant and adjuvant therapies were carried out in multi-disciplinary team meetings based on patient fitness, symptoms, synchronous disease and post-operative recovery. Generally, patients with rectal tumour received neo-adjuvant therapy if the tumour was > T3b or in presence of nodal disease on crosssectional imaging.
Surveillance following curative colorectal cancer resection incorporated 6 monthly clinical assessments for 3 years followed by annual reviews for a total of 5 years for patients without recurrent disease. This assessment was supplemented by 6 monthly CEA levels (Carcinoembroyic Antigen), CT of chest, abdomen and pelvis within 2 years of surgery and 5-yearly surveillance colonoscopy (following completion colonoscopy within a year where indicated) until the age of 75 years (or longer if life expectancy deemed longer than 10 years at this stage). Detection of new symptoms, increased CEA levels, and abnormal CT or colonoscopy findings warranted multidisciplinary team review during follow-up. Patients developing an extracolonic primary malignancy during the course of followup were excluded from the study to minimise bias. Survival data was obtained as all-cause mortality using the Demographics Batch Service (DBS) to access the national electronic database of the United Kingdom NHS.
Primary outcome was development of early recurrence disease within three years of curative resection. This was subdivided into liver, lung and local recurrence. Secondary outcomes were overall recurrence, three-year and overall survival.
Statistical analysis was performed using SPSS ® version 20.0 (IBM, New York, NY, United States) using non-parametric tests (χ 2 test and logistic regression).
Continuous data in the text are reported as median (range), unless stated otherwise. P < 0.050 was regarded as significant. Variables with P > 0.100 on univariate analysis were excluded from multiple regression predictive model analyses. Models with multiple variables were assessed for interactions. Receiver operating characteristic (ROC) curves were plotted for continuous variables to estimate threshold values that differentiated groups. Survival analysis was carried out using the Kaplan-Meier method. Differences in survival curves were assessed using the log rank method.
RESULTS
The database identified 266 patients meeting the inclusion criteria during the study period. Median period of follow-up was 7.9 years (4.6 to 12.6 years). The median age at the time of surgery was 68 years (26 to 91 years) with a male to female ratio of 1.5:1. The site and histological features of the primary colorectal tumour in all 266 patients are shown in Table 1 . TNM staging is presented from postoperative histological assessment. Pre-operative radiological changes in staging before and after neo-adjuvant therapy were not collected. Although T stage was not recorded for 18 patients positive residual disease was identified in 16 of these patients. Lymph node status was missing in 17 patients.
Emergency surgery for colorectal cancer
Complete data was available from 35 patients undergoing emergency colorectal cancer resection. Detailed characteristics of patients undergoing emergency and elective colorectal resection for cancer are shown in Table 2 . No significant differences were noted between the two groups in age, sex, tumour grade, nodal disease, LNR, LVI, PNI or resection margin status on univariate regression analysis. Right colon was more commonly the site of primary cancer in the emergency group and associated with higher rate of obstruction. More patients undergoing emergency surgery had T4 disease stage on univariate analysis (OR = 4.33, 95%CI: 2.03-9.25, P < 0.001) and a higher proportion received adjuvant therapies post-resection compared to elective resection (45.7% vs 28.8%, OR = 2.10, 95%CI: 1.01-4.37, P = 0.047). Multivariate modelling was not carried out as no other histological parameter reached significance of P < 0.100.
Emergency resection was also positively associated with increased risk of recurrent disease on univariate analysis (48.57% vs 20.89%, OR = 3.60, 95%CI: 1.69-7.64, P = 0.001) with liver being the commonest site of early recurrent disease (40.0% vs 11.6%, OR = 5.78, 95%CI: 2.66-12.55, P < 0.001). A subset analysis demonstrated a greater proportion of patients undergoing emergency resection received adjuvant therapies compared to elective resection (45.7% vs 28.9%). In the emergency surgery group, patients with T4 disease were likely to received adjuvant therapies (P = 0.004). These patients receiving adjuvant therapies demonstrated an increased trend towards risk of liver metastasis but it failed to reach significance (P = 0.089). No differences were seen in recurrence rates for lung and local disease in the two groups. Although, median period to recurrence in days was shorter in the emergency resection group, this did not reach significance (OR = 0.99, 95%CI: 0.99-1.00, P = 0.181).
Patients undergoing emergency resection also displayed adverse disease free survival (DFS) and overall survival compared to elective resections. Median DFS and overall survival were poorer in the emergency resection at 1155 days (Log rank P < 0.001, Figure 1 
Patterns of recurrent disease and survival
Recurrent disease was observed in 67 out of 264 patients with available data (25.38%) during the median follow-up period of 7.9 years (range 4.6 to 12.6 years). Amongst patients with recurrence, liver was the commonest site in 49 out of 67 (73.13%) patients with isolated liver disease in 41 patients. This was followed by lung disease in 14 (20.90%) patients with isolated disease in 4. Local recurrence was seen in 10 (14.93%) patients and 6 of whom had isolated local disease. Ten patients developed recurrence at multiple sites; 7 (10.45%) with concomitant liver and lung and 3 (4.58%) patients had lung metastasis with local recurrence.
Recurrence was predominantly early (< 3 years) affecting 55 patients ( Early multi-site disease was seen in a small proportion of patients with liver disease (4 patients with liver and lung disease, 2 with liver and lung and local disease). In contrast, isolated lung disease was noted in only 3 out of 11 patients with early disease (4 patients had lung and liver disease, 2 had lung disease with local recurrence, 2 had lung, liver and local recurrence). Local recurrence was seen in 7 patients and was isolated in 3.
Recurrence between 3 to 5 years following curative resection represented 14.92% (10 patients) of overall recurrent disease. The liver remained the predominant site with 5 patients demonstrating isolated liver disease and 1 with liver and lung metastasis. Two patients presented with lung disease (1 isolated and 1 combined lung and liver disease) and 3 patients presented with isolated late local recurrence. Beyond the 5-year followup period, 1 patient developed isolated liver disease and 1 had liver and lung metastasis. No local recurrence was noted beyond 5-year follow-up.
Age, sex, tumour location, tumour differentiation and neo-adjuvant therapy did not show correlation with early all-site recurrent disease. Significant histological markers of early recurrence on univariate analyses included T4 stage (OR = 3.61, 95%CI: 1.88-6.96, P < 0.001), N2 nodal status (OR = 4.18, 95%CI: 1.89-9.24, P < 0.001), LVI (OR = 3.40, 95%CI: 1.79-6.46, P < 0.001), PNI (OR = 4.54, 95%CI: 1.51-13.60, P < 0.007) and R1 resection margin (OR = 4.51, 95%CI: 1.50-13.53, P = 0.007). LNR provided a strong correlation for early all-site recurrence on univariate analyses (OR = 25.55, 95%CI: 4.52-144.32, P < 0.001) with an optimal cut-off at 0.015 (52.7% sensitivity and 68.4% specificity). In a multivariate predictive model for early all-site recurrence, emergency surgery with perforation was the strongest predictor amongst factors including T4 stage and LVI.
For early liver disease, no correlation was noted with age, sex, site of tumour or tumour differentiation on univariate analysis. Emergency surgery was associated with a higher risk of recurrent disease in the liver (OR = 5. . A multivariate predictive model of presentation and histological features showed that perforation at the time of surgery was the strongest independent predictor of early liver recurrence amongst other markers of predictive value (Table 4) .
No independent predictors were identified for early lung recurrence. Early local recurrence represented a very small number of patients (7) for detailed analyses.
Long-term survival data was available from 262 patients with a median survival of 9.9 years. One-, three-and five-year survival in the study cohort was 96%, 82% and 72% respectively. Emergency surgery was associated with poorer survival (log rank P = 0.027) with 1, 3 and 5 year survival at 90%, 65% and 50% respectively (Figure 2 Littlechild J et al . Outcomes in emergency colorectal cancer resection of adverse outcome than emergency surgery (HR 1.96, 95%CI: 1.27 to 3.02, P = 0.003). No significant difference in long-term survival was noted in patients with colonic or rectal disease (log rank P = 0.217). Amongst histological features, T4 disease (HR = 1.65, 95%CI: 1.05-2.60, P = 0.031), PNI (HR = 3.20, 95%CI: 1.72-5.97, P < 0.001) and LNR were independent predictors of adverse outcome in a multivariate Cox regression model. LNR was associated with the greatest risk of early death (HR = 11.87, 95%CI: 3.98-35.36, P < 0.001).
Median survival with early recurrence was 2.62 years (95%CI: 1.92-3.31). In the presence of early liver recurrence, median survival was 2.78 years (95%CI: 2.27-3.39); early lung disease was 2.17 years (95%CI: 1.82-2.53) and early local recurrence was 1.80 years (95%CI: 1.27-2.33). For overall recurrence, isolated liver or lung only metastatic disease showed a better survival pattern than multi-site or local recurrent disease (Figure 3 ). Median survival in isolated liver disease was 2.87 years (95%CI: 2.39-3.35), which was not significantly different compared to 3.98 years (95%CI: 1.12-6.85) for isolated lung recurrence. Multisite disease and local disease were associated with significantly adverse survival compared to isolated liver disease.
DISCUSSION
Emergency resection for colorectal cancer presents a high risk group with increased risk of early recurrence and adverse long-term survival. Right colonic tumours and T4 stage are prognostic predictors for emergency colorectal cancer resection. T4 stage, LVI and emergency resection also offer a strong prognostic prediction for development of recurrent disease identifying high-risk patients for aggressive surveillance or adjuvant therapies.
Emergency colorectal resection constituted 13.2% of patients undergoing curative surgery and did not constitute all emergency presentations with symptomatic colorectal cancer. This is smaller than the reported national average of up to 30% [17, 26] and may be the result of patient selection practices and the emerging role of self-expanding metal stent for acute malignant large bowel obstruction. Emergency surgery in our cohort was associated with poorer early and longterm survival. Hogan et al [20] concluded similarly that emergent surgery was associated with higher rates of local recurrence and poorer disease-free survival.
Patients presenting in an emergency setting with advanced disease may have a distinct, aggressive tumour with unfavourable biology [22] and therefore these patients may be more prone to early recurrence. Furthermore, in the emergency setting patients have altered physiology and are immunosuppressed so that tumour dissemination in these circumstances occurs more easily [21] . Correlation between the increased morbidity of emergency surgery and timely or successful progression to adjuvant therapies was not specifically evaluated. The use of self-expanding colonic stents offers to address the associated high morbidity and mortality with emergency surgery [27, 28] . Lymph node involvement, along with depth of bowel wall invasion, has represented an important prognostic indicator for metachronous metastasis [29] . This is in broad correlation with our study. Nodal status was noted to be an independent predictor in early all-site recurrence, but no independent predictive value was noted for early liver and lung recurrent disease. In the setting of emergency surgery, where adequate lymph node yield may be compromised, LNR may prove to be a more useful prognostic tool since the patient's physiology might not tolerate prolonged surgery in order to attain a good lymph node yield.
Keum et al [30] concluded that high risk factors for recurrence include rectal cancer, T2 stage and an infiltrative growth pattern. However, this study only looked at patients who underwent resection for stage I colorectal cancer which may explain their finding of T2 stage compared with ours of T4 stage. It has been stated previously that rectal tumours and younger age at presentation have a higher recurrence risk [31] . However, this was not the case in our study for reasons that are not clear to us.
LVI was also found to be an independent predictor of early all-site recurrence in a similar study by Huh et al [32] however they classified early recurrence as less than 1 year after operation. Lim et al [33] found that after attempted curative resection, patients with LVI-positive tumours had a higher rate of all-site recurrence than those without LVI. This is in correlation with our study. Up to 50% of patients develop hepatic metastases within the first three years after curative resection [3] . In our study, overall recurrence occurred in 25% of the patient population, with 82% of the recurrence diagnosed within three years after resection. This is commensurate with the reported literature [4, 34] ;
Meyerhardt et al [4] reports 80% of recurrences occur within the first three years. The liver was by far the most common site for early recurrence with 74% of cases occurring there. This is due to haematogenous spread via the portal venous system [35] . Pietra et al [36] also reported that 65% of recurrence occurred in the liver, in keeping with our observation. Median survival of patients with early liver recurrence was 2.78 years. This compares favourably with patients presenting with early local recurrence who had a median survival of 1.8 years. This improved outcome may be a reflection of a more aggressive approach of isolated liver disease with the advent of improved liver parenchyma sparing techniques and advances in surgical techniques and perioperative care. The 5-year survival rate for patients that undergo curative metachronous resection of four or less hepatic lesions is 24%-58% [37] [38] [39] [40] . A 5-year survival of 24% has also been reported for curative metachronous resection of > 8 hepatic lesions [41] . Detection of metachronous disease as early as possible is imperative in limiting the extent of resection and improving survival. Renehan et al [15] highlighted the value of intensive follow-up by demonstrating a high detection of early metachronous disease by aid of CEA and computed tomography.
This has delivered an opportunity for early detection and planning of definitive intervention. This may allow for more liver parenchymal-sparing techniques in the form of metastectomies and also improve the success of redo-hepatectomies [42] . The earlier the diagnosis is made, the more likely it is going to be resectable [43] . The lungs are the second most common location for metastatic spread of colorectal cancer [44] . It occurs in 5%-15% of patients and not all of these have concurrent liver metastases [45] . Only 4.1% of patients with synchronous pulmonary metastases are resectable, whereas 14.8% of patients with metachronous pulmonary metastases are resectable [46] with a 36%-40% 5-year survival rate in resected patients [47] . In our study, 14 (5.2%) patients developed lung metastases in the follow-up period with a median survival period of 2.17 years. Nodal status and Dukes stage were predictive of early lung recurrence on univariate analysis but not multivariate analysis. This result should be treated with caution due to the limited number of patients who developed lung metastases. This is in contrast to a similar study by Kim et al [48] that reported a 3 year overall survival rate of 54.6%, although their study included 105 patients. Our study only contained 14 patients who developed lung metastases and it is possible that increased survival may have occurred with more patients in this category. Negative predictive features when considering a patient for pulmonary metastatectomy follow a similar pattern to metastasis elsewhere and include an unresectable primary tumour, extra-pulmonary metastases, resection margins (R1/2) and mediastinal lymph node disease [49] . Blackmon et al [50] concluded that more than three lung metastases present at the first metastatectomy and a preoperative disease free survival of less than three years predicts recurrence. This suggests that early pickup of metastases means more patients can be considered for a successful resection. However, due to a small number of patients with lung disease in our cohort, no meaningful analyses of multiple clinical and pathological factors could be carried out. The value of early detection of metastatic disease in offering an absolute reduction in mortality is clear [15] . Predictive tools can aid the clinician in identifying patients at higher risk of early metachronous metastasis as not all patients will benefit from aggressive surveillance. Our results suggest that there may be a subgroup of patients who would benefit from more intensive follow-up. As most tumours recur within the first three years after resection [34, 51] , it is imperative that the focus on follow-up occurs during this time frame. However, there is a lack of specific guidance for patients who may be at increased risk.
Current surveillance protocols consist of a combination of CEA testing, CT scans, and colonoscopy. Emergency surgery and the presence of specific histological features can inform the selection of patients at high-risk of early recurrence and should be factored into surveillance strategies. There is a substantial range in intensity of follow-up with the United Kingdom having noticeably less intensive follow-up in comparison to American collaborators [4, 21, 22] . A recent United Kingdom study of 1202 participants who had undergone curative surgery for primary colorectal cancer found no survival benefit from combined intensive monitoring groups compared to follow-up only if symptoms recurred [52] . This study was a randomised trial and so highlights the need to target the patients that would benefit from an intensive follow-up regimen. This has benefits for all stakeholders; earlier detection of recurrence in high-risk patients and a reduction of unnecessary investigations in the lowrisk group. Exciting developments in the availability of other prognostic markers in the future may enhance the efficacy of a risk-adapted follow-up strategy [53] . The overexpression of vascular endothelial growth factor [54] and interleukin-8 [55] in colorectal carcinoma cells are two such examples. Our study is limited, foremost by the retrospective approach of data gathering using the hospital coding process. The weaknesses of such a design are well known [56] . Secondly, relevant data on neoadjuvant and adjuvant therapies and cause of death was not available to afford reliable assessment of correlation. More patients in the emergency resection group received postoperative adjuvant therapies which may have been the result of a higher tumour stage (T4), early recurrence disease or palliative treatment. Indication for post-operative therapies and cause of death outcomes were not collected and survival was calculated on basis of all-cause mortality. The majority of recurrent disease occurred in the liver, leading to more reliable statistical conclusions here. However, this was limited in number for both lung and local recurrent disease reflecting differences in association of histological and clinical predictive features. Furthermore, low event rates in neo-adjuvant therapies and positive resection margins, missing data on total number of lymph nodes harvested, limited reliable evaluation of these factors in overall outcomes.
Although emergency presentation in the form of obstruction continues to represent a significant proportion of patients with initial diagnosis, self-expanding colonic metal stents are likely to play an increasingly important role in improving immediate postoperative outcomes, stoma rates and long-term outcomes without adverse oncological outcomes [28] . Proven survival benefit from primary and redo liver resections in isolated disease and emerging technologies for palliative control of local and distant metastatic disease mean that predictive clinicopathological markers could be used in a more intensive, targeted surveillance strategy to identify more patients with early recurrence. Emergency resection, tumour stage, lymphovascular invasion and lymph node ratio > 0.015 represent a high-risk of recurrent disease and can inform surveillance strategies to enable early interventions.
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Research background
Colorectal cancer is the fourth most common cancer in the United Kingdom with over 40000 cases diagnosed each year. Despite the widespread use of screening programs, a large number of cases are diagnosed in the acute or urgent setting with adverse post-operative mortality, disease-free and overall long-term survival.
Research motivation
A large proportion of patients with colorectal cancer are diagnosed in the acute setting with an emergency presentation (26%) or following an urgent 2-wk referral (27%). Compared to elective resection, emergency surgery is associated with adverse postoperative outcomes (post-operative mortality 4.6% vs 16%), disease-free and overall long-term survival. The basis for this is multifactorial and may include altered physiology, immune-suppression, adverse tumour biology, advanced disease, peri-operative complications and lower progression to adjuvant therapies.
Research objectives
Adverse predictive factors for survival in colorectal cancer include emergency presentation with obstruction or perforation and histo-pathological features such as T4 disease, advanced nodal disease. Lymph node ratio offers to a new representation of nodal disease. Although it is affected directly but the lymph node yield, its utility as a predictive tool for recurrent disease has not been evaluated. We aimed to identify clinical and histological predictive factors for early recurrence disease and pattern to inform surveillance strategies and aid in early detection.
Research methods
Following institutional approval, a retrospective study of clinical and histopathological parameters was carried out to study patterns of recurrence and survival in consecutive patients undergoing elective and emergency resection for colorectal cancer over an eight-year study period.
Research results
Outcomes were evaluated in 266 consecutive patients following curative surgery with a median follow-up of 7.9 years. The proportion of patients undergoing emergency resection was 13.2%. Recurrent disease was detected in 67 patients (25.2%) during follow-up with the majority identified early within 3 years (82.1%). Liver was the predominant site of metastatic disease (73.1%). Emergency resection (OR = 3.60, P = 0.001), T4 stage (OR = 4.33, P < 0.001) and lymphovascular invasion (LVI) (OR = 2.37, P = 0.032) were associated with higher risk of recurrent disease. Emergency resection, T4 disease and a high lymph node ratio (LNR) were strong independent predictors of adverse longterm survival.
Research conclusions
Our study reaffirms the independent predictive potential of histological and clinical features for recurrent disease in patients undergoing emergency resection for colorectal cancer. Furthermore, it introduces the independent utility of lymph node ratio (LNR) alongside T stage and lympho-vascular invasion in identifying patients with high risk of recurrent disease.
Research perspectives
Modified surveillance strategies should be evaluated in presence of adverse clinical and histological factors to improve early detection of recurrent disease in high-risk patients to offset adverse disease-free and overall long-term survival.
